Recent coordinated observations of interplanetary scintillation (IPS) from the EISCAT, MERLIN, and STELab, and stereoscopic white-light imaging from the two heliospheric imagers (HIs) onboard the twin STEREO spacecraft are significant to continuously track the propagation and evolution of solar eruptions throughout interplanetary space. In order to obtain a better understanding of the observational signatures in these two remote-sensing techniques, the magnetohydrodynamics of the macro-scale interplanetary disturbance and the radio-wave scattering of the micro-scale electron-density fluctuation are coupled and investigated using a newly-constructed multiscale numerical model. This model is then applied to a case of an interplanetary shock propagation within the ecliptic plane. The shock could be nearly invisible to an HI, once entering the Thomson-scattering sphere of the HI. The asymmetry in the optical images between the western and eastern HIs suggests the shock propagation off the Sun-Earth line. Meanwhile, an IPS signal, strongly dependent on the local electron density, is insensitive to the density cavity far downstream of the shock front. When this cavity (or * Corresponding Author:
Introduction

Interplanetary Space
2
Interplanetary space can be considered as a transmission channel con- gular distance between the Sun and a target is defined by an elongation.
72
The elongation coverage is 4
• ∼ 24
• for the HI-1 and 18.7
• ∼ 88.7
• for the tion between the CME and the Thomson sphere changes continuously and 135 different parts of the CME would be imaged by the HI at different times.
136
For simultaneous stereoscopic imaging, the Thomson-scattering responses of 137 the HI-A and HI-B could be quite asymmetrical. Moreover, the coexistence 138 and possible interaction between the co-rotating background plasma in a
139
CIR and the outwardly moving CME, can further complicate the interpre- provides their manifestation in the synthetic white-light images.
219
The IPS model for the local intensity modulation of radio waves makes use IPS ray-path connecting the Earth to a remote radio source, as described by (Klinglesmith, 1997 radius r e = 2.82 × 10 −5 m, the observing wavelength λ, the spatial wave 240 number k, the Fresnel radius r f , the spectral exponent α, the dissipation- Massey, 1998):
The cylindrically-symmetric coordinate system (k , k ⊥ ) with its axis along 247 the local magnetic field is transferred from the coordinate system (x, y, z) de-
248
fined with respect to the IPS ray-path. In equation (1), the term sin 2 ( the contributions from all of the scattering layers along its IPS ray-path.
279
The ability to resolve the distribution of solar wind velocities from the cross- IPS data can be hierarchically generated from MHD simulation data. 
369
As a contrast to the results from heliospheric imaging, the mass underesti- 
478
With a simultaneous observation of IPS as an additional limit, the three- signal, the interplanetary process of a CME/shock can be better described 530 and understood. space, the trajectory of the plasma parcel is a slower limit for the marching 563 shock front. Therefore, the appearance of the predicted plasma-parcel trajec-564 tory in the HI FOV could serve as a lower limit for the outermost elongation 565 of an outwardly propagating bright front in the white-light imaging.
566
As the most conspicuous characteristic in a white-light image, an inter-
567
planetary brightness has multiple origins such as a shock front and a CIR.
568
These origins involve the compression of local plasma at the interface between 569 two distinct streams. The shock could be an incident shock or a CME-driven the disappearance of the CME-associated bright front in the FOV of HI-A.
614
In fact, the shock aphelion in this paper does deviate to the west, because 615 the shock front is quasi-perpendicular in the west and quasi-parallel in the 616 east as a result of the spiral configuration of the IMF (Hu, 1998 feature of the background, the CME deflection may be significant due to the 622 CME-CIR interaction (Hu, 1998 The time-dependent variances of (a) the radial aphelion r and (b) the propagation speed v shock of a shock, as well as its manifestation in (c) the elongation of HI-B's field of view, shown as black solid lines. In panel (b), the bulk flow speed v r and the fast magnetosonic speed v r + c f just downstream of the shock front are plotted as a dashed line and a dash-dotted line respectively. As a specific plasma parcel on the shock front is firstly detected as an IPS irregularity source at 19 hours, its later appearances in the radial distance from the Sun (a dashed line in panel a) and the elongation from the HI (a dashed line in panel c) could be estimated from the IPS observation at 19 hours together with two assumptions of radial direction and constant flow speed for the shock propagation. Figure 8 : The infrastructure of a multi-scale numerical model directly linking interplanetary dynamics to corresponding observational signatures from white-light imaging and IPS. As a response to solar outputs, the macro-scale properties of electron number density n, bulk-flow speed V, magnetic field B, and temperature T in interplanetary space are firstly modelled from an MHD simulation. These macro-scale profiles along any ray-path can then generate synthetic white-light image and IPS data, using Thomson-scattering and radio-scattering theories respectively.
